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ABSCUCT 


Th«  F-402  produotlon  •llenoar  enelosure  at  Convair-San  Diago  baa  bean 
evaltiatad  aoouatleally.  This  ailenoar  la  alailar  to  a  turbojet  angina  teat 
oallf  but  la  dealgnad  to  aneloaa  a  ooa^lata  aircraft.  Maaaurenanta  of  aound 
praaaura  level  in  and  around  the  allanoar  are  reported,  and  the  nolae  redue- 
tlona  of  the  varloua  elamanta  of  the  aeouatleal  treatment,  aa  veil  aa  the 
nolae  reduotlon  of  the  allenoer  aa  a  ^ole,  are  determined.  The  reaulta 
Indicate  that  the  average  Inaertlon^loaa  nolae  reduction  of  the  allenoer  at 
250  feet  Inoreaaea  from  about  20  db  in  the  20-75  epa  band  to  aoaavhat 
greater  than  50  db  for  aL^.  frequanclea  above  300  epa. 
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SECTION  I 


INTRODUCTION 

This  report  presents  the  results  of  an  acoustical 
evaluation  of  the  "production  silencers"*  at  Convalr,  San 
Diego,  which  wer^  designed  to  enclose  an  P-102  or  P-106 
aircraft  during  ground  run-up  operations.  Detailed  measure¬ 
ments  have  been  made  to  determine  the  acoustical  effectiveness 
of  the  primary  and  secondary  air  Intake,  and  exhaust  acoustical 
treatments,  and  the  walls  and  doors  of  the  structure.  In 
addition,  studies  were  made  to  determine  the  acoustical 
effectiveness  of  the  silencer  as  a  whole.  These  data  were 
obtained  during  an  acoustical  survey  at  Convalr,  San  Diego 
on  16-17  August  1957- 

Measurements  of  the  noise  reduction  of  all  the  Individual 
elements  of  the  acoustical  treatments  were  made  with  an 
explosive  noise  source  (XNS).  Many  of  these  measurements 
were  repeated  with  a  J57-P-23  engine,  operating  In  an  P-102A 
aircraft,  as  a  noise  source.  In  addition,  measurements  of 
sound  pressure  level  were  obtained  on  a  semicircular  traverse 
250  ft  from  the  silencer  during  engine  operation.  Plnally, 
sound  pressure  levels  were  measured  over  the  primary  and 


*  Designed  and  constructed  by  Koppers  Company,  Inc.,  Metal 
Products  Division,  Sound  Control  Department,  Baltimore  3* 
Maryland 
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secondary  air  Intake  openings «  the  exhaust  openings  and 
at  other  close-ln  positions  during  engine  operation. 
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SECTION  II 


DESCRIPTION  OP  MEASUREMENT  SITE  AND  PRODUCTION  SILENCERS 

A.  Description  of  Measurement  Site 

A  plan  of  the  area  In  which  the  measurements  were 
conducted  Is  shown  on  Fig  1.  Three  of  the  ground  run-up 
enclosures  are  located  to  one  side  of  the  final,  pre-flight 
check-out  area  which  constitutes  a  part  of  the  Convalr 
production  facility  In  San  Diego,  California.  The  measure¬ 
ments  were  performed  on  Cell  A,  the  westernmost  of  the 
three.  On  a  circle  of  230  ft  radius  from  the  center  of  the 
cell,  data  were  obtained  at  the  positions  noted  In  Fig  1  with 
the  engine  operating  at  military  power.  It  was  occasionally 
necessary  to  request  the  curtailment  of  some  operations  In 
the  aircraft  testing  area  when  measurements  were  made  forward 
of  the  suppressor  (Poslclons  201  through  203). 

B.  Description  of  Silencer 

Plan  and  section  views  of  the  production  silencer  are 
shown  In  Fig  2.  The  front  of  the  cell  can  be  opened  completely 
by  rolling  aside  a  pair  of  10  In.  thick  poured  concrete  doors. 
This  permits  moving  an  P-102  or  P-106  aircraft  Into  the 
76  ft  by  46  ft  test  section.  The  doors  are  closed  and  sealed 
during  engine  operation. 

Primary  air  Is  drawn  through  four  horizontal  ducts,  two 
of  them  located  on  each  side  of  the  enclosure.  Each  of 
these  ducts  contains  16  ft  of  Soundstream  absorbers.  The 
lower  duct  on  each  side  contains  am  acoustically  lined 
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bend  with  a  3-1/2  In.  thick  lining  between  the  Soundstreaun 
absorbers  and  the  test  section.  No  such  lining  has  been 
placed  In  the  upper  ducts.  A  small  vertical  wall  Is 
located  parallel  to  and  a  few  feet  away  from  the  entrance 
plane  of  the  lower  Intake  on  each  side.  When  the  upper 
Intake  duct  on  each  side  was  added,  evidently  at  a  later 
date,  this  wall  was  not  extended  upwards.  The  wall  Is 
Joined  to  the  concrete  slab  separating  the  upper  and  lower 
Intake  ducts  by  a  concrete  beam  approximately  one  foot 
square . 

Secondary  air  Is  drawn  through  two  ducts,  one  located 
on  each  side  of  the  waterspray  chamber  In  the  exhaust  section. 
Each  of  these  ducts  contains  l6  ft  of  Soundstream  absorbers 
and  a  3-1/2  In.  thick  lining  on  the  bend  at  the  Inside  end. 

The  exhaust  gases  are  carried  out  between  the  two  secondary 
air  Intake  ducts  and  up  through  a  vertical  stack.  This 
stack  contains  20  ft  of  Soundstream  absorbers.  Parts  of  the 
Interior  of  the  test  section  are  lined  with  a  total  of 
4000  sq  ft  of  6  In.  thick  Koppers  Company  "Soundmetal” 
panels  containing  glass  fiber  material. 

Two  small  control  cubicles  are  located  Just  outside  the 
primary  air  Intakes  on  each  side  of  the  enclosure.  However, 
the  engine  Is  run  during  test  by  a  mechauilc  In  the  cockpit 
of  the  aircraft,  and  there  are  generally  at  least  two  other 
men  within  the  enclosure  during  an  aircraft  run-up.  All  of 
these  men  wear  headphones  for  communication  and  ear  protection. 
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A  temperature  controlled  waterspray  system  Is  employed 
In  the  exhaust  duct.  When  the  control  temperature  was 
exceeded,  this  water  spray  came  on;  however,  the  water  flow 
rate  was  not  measured,  and  the  acoustical  measurements  were 
halted  at  these  times. 
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SECTION  III 


EQUIPMENT  AND  MEASUREMENT  PROCEDURE 

The  measurement  procedures  followed  have  been  discussed 
In  detail  previously—^  and  It  will  suffice  here  to  mention 
briefly  some  of  the  techniques  used  In  the  field. 

In  order  to  evaluate  the  noise  reduction  of  various 
acoustical  treatments,  sound  pressure  levels  (SPL’s)  were 
measured  with  the  microphones  placed  In  "grid"  planes  at  the 
entrances  and  exits  of  the  individual  acoustical  treatments. 
These  grids  are  Indicated  on  Pig  2.  Vfhen  more  than  one 
microphone  was  placed  In  a  grid,  the  measured  SPL's  were 
averaged  for  the  grid.  Similarly,  microphones  were  placed 
on  both  sides  of  various  doors,  windows,  and  walls,  as 
Indicated  on  Fig  2,  In  order  to  determine  the  noise  reduction 
of  these  components  of  the  structure. 

Other  microphone  positions  were  chosen  to  determine  the 
SPL's  In  different  work  spaces  and  to  permit  the  evaluation 
of  the  effects  of  flanking  through  door  seals,  open  conduits, 
etc.  A  microphone  was  also  placed  next  to  the  shoulder  of 
the  engine  operator  In  the  F-102A  aircraft  In  order  to 
determine  the  SPL  In  the  cockpit. 

Many  of  the  measurements  used  for  determining  noise 
reduction  were  performed  both  with  an  explosive  noise  source 
(XNS)*  and  with  the  Jet  engine  as  a  noise  source.  The 

*  A  small  cannon  which  fires  a  blank  10  gauge  shotgun  shell. 
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majority  of  the  latter  were  repeated  with  the  engine  operating 
at  Idle,  835^  rpm,  military,  and  at  afterburner  power. 

Finally,  a  series  of  measurements  were  performed  In  and 
around  the  enclosure  with  the  engine  operating  at  military 
power  In  order  to  determine  the  contributions  from  various 
sources  to  the  SPL  measured  at  250  ft  from  the  cell. 

All  acoustical  data  were  recorded  on  magnetic  tape 
using  the  twin  channel  system  Indicated  on  Fig  3.  Unless 
otherwise  noted  on  Fig  2,  the  Individual  measurement  posi¬ 
tions  were  located  four  to  five  feet  above  the  ground. 

To  Insure  accuracy  of  the  equipment  during  the  survey, 
the  measuring  system  was  acoustically  calibrated  frequently 
during  the  time  when  data  were  taken. 

The  data  recorded  In  the  field  were  subsequently 
reproduced  and  analyzed  In  one-third  octave  bands  In  the 
laboratory  using  the  Automatic  Data  Reduction  System 
(ADRS)  Indicated  schematically  on  Fig  3.  The  ADRS  has 
been  described  In  detail  previously. 
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MEASURING  SYSTEM 


DATA  REDUCTION  SYSTEM 


FIELD  RECORDING  AND  DATA  REDUCTION  SYSTEMS 

FIGURE  3 
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SECTION  IV 


SUMMARY  OP  DATA 

A.  Acoustical  Measurements 

All  of  the  measurements  obtained  during  the  acoustical 
survey  are  listed  In  Table  I.  These  Include:  1)  measurements 
every  15°  on  a  circle  250  ft  from  the  center  of  the  cell; 

2)  measurements  with  the  explosive  noise  source  at  all  grids 
on  the  west  side  and  exhaust  end  of  the  silencer,  as  well 
as  at  positions  within  the  enclosure,  outside  the  doors, 
and  Inside  the  P-102A  cockpit;  3)  measurements  of  SPL 
during  engine  operation  at  several  operating  conditions 
at  Intake  grids,  as  well  as  at  Position  1  within  the  cell 
and  Inside  the  P-102A  cockpit;  and  4)  measurements  during 
engine  operation  at  military  power  at  all  exterior  grids 
and  positions  on  both  sides  of  the  front  door. 

The  basic  data  are  all  given  In  the  body  of  the  report 
or  In  the  Appendix.  Data  may  be  located  by  reference  to 
Table  I,  as  mentioned  above.  The  measurement  positions  ai'e 
Indicated  on  Figs  1  and  2. 

B.  Engine  Operating  Conditions 

The  same  F-102A  aircraft.  Serial  No.  61336,  was  used 
for  all  engine  measurements.  It  contained  a  J57-P-23  engine. 
Serial  No.  P-608265,  which  operated  at  the  approximate 
conditions  listed  In  Table  II.  These  engine  operating 
parameters  were  obtained  from  the  cockpit  Instrumentation 
In  the  aircraft. 
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TABLE  I 

SUMMARY  OP  DATA  INDICATING  FIGURE  NUMBERS 
ON  WHICH  DATA  ARE  PLOTTED 


Source  | 

Engine 

Position 

XNS 

855^ 

Mil. 

A/B 

Grid  A 

m 

A-8,9 

A-8,9 

a-8,9 

a-8,9 

Grid  B 

Grid  C 

A-10,11 

A-10,11 

A-10,11 

Grid  D 

A-12 

A-12 

A-12 

A-12 

Grid  E 

lai 

Grid  P 

A-3 

A-13 

mmm 

A-13 

A-13 

Grid  G 

A-3 

A-14 

BBcB 

A-14 

A-14 

Grid  H 

Grid  I 

Grid  J,  K 

A-4 

BBcB 

Grid  L 

A-15 

Poa.  1 

16 

16 

16 

16 

Poa.  2,3,4 

A-16 

Poa.  5, 0,7, 8 

Poa.  9,  10 
Poa.  11,12 

17 

In  P-102A 
Cockpit 

B 

18 

Poa. 102, 103, 

HB 

104 

A-16 

Poa. 105, 106, 

■■■ 

107 

A-17 

Poa . 108 

20 

Poa . 109 

A-7 

20 

Poa . 110 

A-7 

A-18 

Poa. 111,112 

A-18 

Poa. 113-122 

rA-19 

tjA-20 

Poa. 201-217 

21,22 
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TABLE  II 


APPROXIMATE  ENGINE  OPERATING  CONDITIONS 
DURING  ACOUSTIC  MEASUREMENTS 


Engine 

Operating 

Condition 

Tallploe 
Temp.  °C 

— 

N2  Compressor 
%  rpm 

Pressure 

Ratio 

Fuel  Plow 
lb s/hr 

Idle 

330 

58.7 

» 

1000 

835^  rpm 

— 

83 

— 

— 

Military 

(Mil) 

605 

94.2 

2.10 

7800 

Afterburner 

(A/B) 

605 

94.2 

2.13 

— 

WADC  TN  57-390 


-13- 


SECTION  V 


RESULTS  OP  ACOUSTICAL  MEASUREMENTS 

A.  Noise  Reduction  of  Air  Passages 

In  conformity  with  previous  usage-^-^j  the  noise  reduction 
(Lj,^)  of  an  acoustical  treatment  or  structure  Is  defined  as 
the  difference  In  the  space  average  SPL's  at  the  entrance  emd 
exit  planes  of  the  acoustical  treatment  or  structure.  Thus, 
the  of  the  primary  air  Intake  Is  the  difference  In  the 
space  average  SPL's  measured  at  Grid  A  and  at  Grid  C.* 

Actually,  there  Is  a  slgnlflceunt  difference  In  the  noise 

reduction  of  the  upper  and  lower  halves  of  the  primary  air 

Intakes.  This  results  from  the  difference  In  configuration 

which  has  already  been  mentioned.  The  L^^  of  the  upper 

half,  as  measured  with  the  XNS,  Is  Indicated  on  Pig  4.  Note 

that  the  Lp^  of  the  unllned  bend  (Grid  B-2  less  Grid  A-2) 

Is  quite  small,  and  that  the  majority  of  the  total  L  ,  as 

nr 

measured  from  Grid  A-2  to  Grid  C-2,  Is  due  to  the  Soundstream 
absorbers  between  Grids  B-2  and  C-2.  Similar  measurements 
for  the  lower  half  of  the  Intake  are  Indicated  on  Pig 
Here  It  Is  seen  that  the  lined  bend  between  Grids  A-1  emd 
B-1  has  a  somewhat  greater  L^^  than  was  measured  for  the 
corresponding  bend  In  the  upper  half  of  the  Intake.  This 
Is  reflected  In  a  greater  total  1^,^  for  the  duct  between 
Grids  A-1  and  C-1,  particularly  at  the  higher  frequencies. 


*  As  defined  here,  L  Includes  the  effect  of  any  change 
In  area  between  grids.  Thun,  it  Is  not  equal  to 
power  level  reduction. 
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The  total  for  the  upper  and  lower  halves  of  the  primary 
air  Intake  treatment  was  determined  at  various  engine  settings. 
These  data  are  plotted  on  Figs  6  and  7.  Note  that  for  the 
three  engine  power  settings,  Idle,  military,  and  A/B,  the 
curves  generally  agree  within  about  5  db.  However,  the 
determined  from  the  XNS  measurements,  which  Is  compared  with 
the  engine  measurements  In  both  cases.  Is  lower  than  that 
obtained  during  the  engine  measurements  below  about  160  cps 
and  above  about  2,000  cps.  This  difference,  which  has  often 
been  encountered  In  turbojet  engine  test  cell  measurements. 

Is  generally  attributed  to  the  effect  of  the  air  flow  through 
the  treatment  during  engine  operation.* 

The  of  the  secondary  air  Intake  determined  from  XNS 
measurements  Is  Indicated  on  Pig  8.  Here,  again,  the  differ- 
ence  between  the  lined  bend  (Grids  D  and  E)  and  the  unllned 
bend  (Grids  F  and  G)  Is  evident.  Similar  measurements  of 
the  total  with  the  engine  as  a  noise  source  are  plotted 
on  Fig  9,  Comparison  with  the  XNS  measurement,  which  la 
replotted  on  Pig  9t  reveals  that  the  during  engine 
operation  Is  almost  10  db  greater  above  320  cps.  However, 
the  XNS  measurement  agrees  most  closely  with  the 
determined  with  the  engine  at  Idle  when  the  air  flow  was 
presumably  at  a  minimum. 

Noting  that  both  the  upper  and  lower  primary  air  Intakes 
and  the  secondary  air  Intake  contain  16  ft  of  Soundstream 
absorbers.  It  Is  Interesting  to  compare  the  XNS  measurements 


*  This  effect  has  recently  been  studied  In  some  detail.  See 
Refs  4  and  5* 


WADC  TN  57-390 


-16- 


HOiSC  ftCDUCTlON  IN 


'Hmc»  or  TAvf  RAND  (  fN’l*  »  N  •  UtlS  HI  StCOND 


WADC  TN  57-390 


18 


In  the  three  cases.  This  comparison  Is  shown  In  Pig  10,  and 
It  Is  evident  that  the  agreement  Is  generally  within  about 
3  db  above  100  cps.  The  disparity  at  low  frequencies  may  be 
due  to  standing  wave  patterns  In  the  ducts. 

The  noise  reduction  of  the  various  components  of  the 
exhaust  as  measured  with  the  XNS  are  plotted  on  Fig  11.  It 
Is  evident  that  most  of  the  attenuation  Is  due  to  the  Sound- 
streajT  absorbers,  with  some  contribution  from  the  unllned 
bend,  particularly  below  200  cps. 

B.  Noise  Reduction  of  Doors  and  Walls 

The  L  ^  of  the  front  door,  as  determined  from  the 
nr 

difference  In  the  measured  SPL's  at  Positions  2,  3,  4  Inside, 
and  Positions  102,  103,  104  outside.  Is  plotted  on  Fig  12 
for  the  XNS  and  Fig  13  for  the  engine  as  a  noise  source.  The 

particularly  at  the  middle  and  high  frequencies.  Is  much 
less  than  would  be  expected  by  theoretical  considerations. 
This  Is  evidently  due  to  acoustic  flanking  through  the  seals 
around  the  doors.  Note,  for  Instance,  that  the  obtained 
during  engine  operation.  Pig  13,  la  somewhat  greater  than 
that  measured  with  XNS.  This  may  result  from  cell  depression 
tending  to  force  the  doors  against  their  seals  and  thus 
reduce  the  acoustic  fleuriklng.  Further  evidence  of  flamklng 
through  door  seals  Is  found  In  the  measurements  at  Positions 
113  through  122  (Figures  A- 19  and  A- 20)  around  the  exterior 
of  the  doors.  The  noise  levels  at  Positions  Il4  and  120  are 
significantly  above  those  at  the  other  positions.  Indicating 
leaks  through  the  seals  In  the  vicinity  of  these  high  levels. 
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The  L  of  the  personnel  access  door  (8  In.  thick 
nr* 

concrete)  on  the  east  side  of  the  enclosure  was  measured 
with  the  XNS  and  Is  plotted  on  Pig  14.  In  this  case,  there 
Is  a  possibility  of  flanking  through  the  primary  air  Intakes 
as  well  as  through  the  seals  around  the  door.  Comparing  the 
levels  at  Orld  C-2,  Fig  A-2,  with  those  at  Position  110, 

Fig  A-7,  one  notes  that  the  SPL  due  to  the  XNS  at  the  exit 
of  the  upper  half  of  the  primary  air  Intake  exceeds  that  at 
Position  110  by  as  much  as  20  db  at  very  low  and  very  high 
frequencies.  Even  when  these  values  are  corrected  for 
spherical  divergence  from  the  intake  to  Position  110,  they 
remain  high  enough  to  constitute  a  flanking  path. 

The  of  the  control  cubicle  window  Is  plotted  on 
Pig  15.  This  is  probably  not  a  true  measure  of  the  noise 
reduction  of  the  window,  however,  because  of  flanking 
through  conduits  under  the  window. 

Note,  for  Instance,  on  Pig  20  that  the  SPL  measured 
during  engine  operation  at  Position  108  Is  appreciably 
above  that  measured  at  Position  109.  Position  108  was 
located  under  the  bench  In  the  control  cubicle  Just 
Inside,  where  the  conduits  pierced  the  test  section  wall. 

The  higher  SPL  measured  at  this  point  Is  a  strong  Indication 
that  a  flanking  path  exists  through  the  conduits. 

C .  SPL  In  Work  Spaces  During  Engine  Operation 

The  SPL  was  measured  at  various  crew  locations  in  the 
test  section  during  engine  operation  at  Idle,  83?f  rpm,  military, 
and  at  A/B.  The  levels  measured  at  Position  1  are  plotted 
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on  Fig  l6.  At  most  power  settings >  these  levels  are  seen  to 
be  well  above  those  considered  hazardous  for  long-time 
unprotected  exposure-^-^  and  are  as  high  as  131  db  during 
A/B  operation.  As  mentioned  In  Section  II-B,  all  occupants 
of  the  test  section  during  engine  run-ups  wear  earphones  for 
communication  and  ear  protection. 

With  the  engine  operating  at  military  power,  SPL's  were 
also  measured  at  Positions  11  su^d  12  In  the  test  section.  The 
results  of  these  measurements  are  plotted  on  Pig  17,  and  are 
seen  to  be  comparable  to  those  at  Position  1. 

With  the  engine  operating  at  Its  military  and  afterburner 
power  settings,  SPL's  were  measured  In  the  cockpit  of  the 
P-102A  aircraft  near  the  shoulder  of  the  operator.  The 
levels  recorded  at  this  position  are  plotted  on  Pig  l8.  These 
levels  are  considerably  lower  than  those  observed  at  Positions 
1,  11,  and  12  because  of  the  noise  reduction  of  the  cockpit 
canopy.  This  noise  reduction  can  be  approximately  determined 
as  the  difference  between  the  SPL  at  Position  1  and  that 
In  the  cockpit,  and  Is  Indicated  on  Pig  19.  Por  comparison, 
the  of  the  cockpit  determined  with  the  XNS  Is  also 
shown  (from  Pig  A-5).  The  slightly  lower  measured  at 
high  frequencies  during  engine  operation  may  be  due  to 
sound  transmitted  from  the  engine  to  the  cockpit  by  the 
structure  of  the  aircraft. 

The  SPL's  measured  at  Positions  108  and  109  within  the 
control  cubicle  on  the  west  side  of  the  cell  are  Indicated 
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on  Fig  20.  The  levels  near  the  window  (Position  109 )  are 
representative  of  those  at  the  position  of  the  occupants  and 
produce  a  speech  Interference  level  (SIL)-^^^  of  about  70  db. 
This  Indicates  that  occupants  of  the  control  cubicle  would 
have  to  converse  by  shouting  when  more  than  about  2  ft  apart 
In  order  to  be  understood.  As  mentioned  above,  the  noise 
levels  at  Position  108  are  due  to  conduits  through  the  cell 
wall  below  the  window.  These  openings  appear  to  appreciably 
reduce  the  effective  noise  reduction  of  the  wall  between  the 
test  section  and  the  control  cubicle. 
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D.  Overall  Acoustical  Effectlvenesa  of  Production  Silencer 

The  results  of  the  distant-field  measurements,  230  ft 
from  the  cell,  are  plotted  In  polar  f6rm  for  each  of  the 
eight  stsuidard  octave  bands  on  Figs  21  and  22.  It  Is  Inter¬ 
esting  to  note  the  peaks  In  the  directivity  patterns  due  to 
the  flanking  transmission  through  the  door  seals  (around  0^), 
radiation  from  the  primary  air  Intakes  (110°  to  165°), 

2md  the  dip  due  to  shielding  by  the  exhaust  stack  (l80°). 

The  production  silencer  can  be  considered  as  a  complex 
noise  source  made  up  of  several  different  noise  radiating 
components.  These  components  Include  the  exhaust  openings, 
the  primary  and  secondary  air  Intake  openings,  the  walls  of 
the  silencer,  and  the  various  flanking  paths  through  door 
seals,  etc.  In  order  to  better  understand  the  acoustical 
characteristics  of  the  silencer,  an  analysis  has  been 
performed  to  determine  the  contribution  of  the  various 
Individual  noise  sources  to  the  average  SPL  at  230  ft 
for  engine  operation  at  military  power. 

Representative  measurements  of  SPL  at  each  of  the 
Individual  sources  were  chosen  from  the  data,  as  Indicated 
on  Table  III,  and,  when  converted  to  octave  band  levels,  were 
used  to  calculate  the  contribution  of  each  source  to  the 
average  SPL's  at  230  ft. 


WADC  TN  37-390 


-29- 


O  K  •  • 


WADC  TN  57-390 


-30- 


FIGURE  21  FIGURE 


TABLE  III 


OUTLINE  OP  PROCEDURES  USED  TO  DETERMINE 
CONTRIBUTIONS  PROM  VARIOUS  SOURCES  TO  SPL^^^g 
AT  250  PT  DURING  ENGINE  OPERATION  AT  MILITARY  POWER 


Source 

SPL  Assumed 

To  Exist  Over 
Source  Prom  Pig 

Assumed 
Area  of 
Source 

Assumed 

Directivity  of 
Source 

Primary 

Intake 

A-10,  A-11 

120  ft^ 

None* 

Secondary 

Intake 

A-14 

60  ft^ 

Vertlcal^-^-- ^ 

Exhaust 

A-15 

400  ft^ 

Vertlcal^i^-^ 

Pront 

Door 

A- 16 

1000  ft^ 

None* 

These  calculations  were  performed  by  use  of  the  following 
expression: 

spi-aso  ft  -  i°eio  *  '  « 


where: 


SPL9C0  ft.  "  the  average  SPL  at  230  ft  from  the  source 
“  In  question 


^^^eas . 


the  SPL  measured  at  the  source 


A  >  the  area  of  the  source 


r  -  250  ft 

V  ■  loss  In  db  due  to  dlrectlvlty^^-t^ 

G  >  attenuatlongln  db  due  to  ground  and  air 
absorption-^ 


*  Actually,  these  sources  will  be  directive,  producing  their 
highest  levels  along  an  axis  normal  to  the  exit  plane  of  the 
source.  However,  these  axes  are  all  horizontal,  amd  the 
directivity  effect  Is  assumed  to  cancel  out  when  averaging 
SPL's  In  the  horizontal  plane. 
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The  results  of  these  calculations >  In  terms  of  contributions 
from  the  various  sources >  are  plotted  on  Fig  23.  The  total 
estimated  SPL  at  230  ft  has  been  calculated  by  summing  these 
Individual  spectra  and  Is  also  plotted  on  Pig  23.  Comparison 
of  these  estimated  noise  levels  at  230  ft  with  the  measured 
average  SPL  at  230  ft  Indicates  that  the  two  are  generally 
within  2  to  4  db  except  for  the  first  and  last  bands.  The 
discrepancy  In  the  20  -  75  cps  band  Is  likely  due  to  the 
fact  that  the  estimated  values  were  derived  from  one-third 
octave  band  data  which  were  taken  down  to  the  "40  cps  band" 
only.  Since  the  spectra  are  sloping  upward  at  the  low  fre¬ 
quencies,  the  summing  of  one-third  octave  band  SPL's  to  give 
a  20  -  73  cps  reading  would  be  expected  to  result  In  a  lower 
value.  In  the  2nd,  3rd  and  4th  octave  bands  the  measured 
values  exceed  the  estimated  SPL's  very  likely  because  of 
radiation  of  sound  from  the  walls  emd  roof  of  the  cell 
which  Is  rather  difficult  to  calculate.  In  general,  however, 
the  agreement  Is  rather  good,  and  the  analysis  Indicates  the 
relative  contributions  from  the  various  sources  as  a  function 
of  octave  bands. 

It  Is  also  of  Interest  to  compare  the  measured  average 
SPL's  at  230  ft  from  the  suppressor  with  the  average  SPL's 
that  would  exist  230  ft  away  from  an  unenclosed  J37  engine 
operating  under  the  same  conditions.  This  type  of  comparison 
permits  the  calculation  of  the  Insertion-loss  noise  reduction. 
Prom  measured  datai^  the  average  sound  pressure  level  spectrum 
produced  at  230  ft  from  a  J-37-P7  engine  operating  at  military 
power  In  an  PIOOA  aircraft*  has  been  determined.  Comparison 
of  the  two  average  SPL  spectra  results  In  the  Insertion-loss 
NR  shown  In  Pig  24. 

*  It  Is  assumed  that  no  difference  In  noise  radiation  would 
exist  between  a  J-37-P23  engine  In  an  P102A  aircraft  and  a 
J-37-P7  engine  In  an  PIOOA  aircraft .  Experience  Indicates 
this  assumption  to  be  valid. — ' 
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SECTION  VI 


SUM1ARY 

The  F-102  Production  Silencer  represents  an  application 
of  turbojet  engine  teat  cell  silencing  techniques  to  aircraft 
ground  run-up  silencing  requirements.  As  such  it  is  somewhat 
larger  and  certainly  less  portable  than  those  types  of  ground 
run-up  silencers  which  connect  to«  rather  than  enclose  the 
aircraft However,  this  Is  compensated  for  by  the 
greater  noise  reduction  obtained  with  a  conqplete  enclosure, 
and  by  the  greater  flexibility  which  permits  testing  any 
aircraft  which  will  fit  Into  the  enclosure. 

This  acoustical  evaluation  of  the  F-102  production 
silencer  has  permitted  the  determination  of  the  noise  reduc¬ 
tion  of  the  different  acoustical  elements  of  the  silencer. 
These  include  the  walls  and  doors  of  the  test  section  and 
the  components  of  the  acoustical  treatment  in  the  air  Intake 
and  exhaust  passages.  In  addition,  ths  evaluation  has  per¬ 
mitted  an  approximate  determination  of  the  contributions  of 
various  sources  to  the  measured  noise  levels  at  230  feet 
from  the  silencer.  Finally,  the  insertion-loss  noise 
reduction  of  the  silencer  has  been  determined. 
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APPENDIX  A 


MEASURED  DATA 


In  this  Appendix  are  Included  the  basic  measured  data. 
For  reference  to  specific  data  see  Table  1  on  pg.  12. 
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